In grasslands under restoration succession, the effect of nutrient impoverishment on the vegetation has been intensively studied. The invertebrate soil animal community has, however, rarely been studied under such conditions. We hypothesised that a plant community in nutrient-poor grasslands supports fewer macro-invertebrate individuals than richer grasslands. We also hypothesised that the composition of the macro-arthropod community is specific for a certain stage of vegetation succession, i.e. nutrient impoverishment. A detailed sampling programme was carried out in four grasslands under restoration succession. The time since last fertilisation differed for these four grasslands (7, 11, 24 and 29 years). The lowest total number of individuals in different taxonomic groups of macro-invertebrates was found in the most impoverished field in the majority of cases. Analysis of the data set for all specimens identified to order or family level with a canonical correspondence analysis resulted in a pattern not related to successional stage. The same holds when the species composition of the ground beetles was analysed separately. Short-term abiotic factors explained a significant part of the variation in both analyses. With the same multivariate analysis, however, the adult weevils, identified to species level, showed a clear relation with nutrient status of the grasslands.
Introduction
Since the last decade of last century, nature management in the Netherlands has embodied a lot of projects to restore nature [1] . In meadows in the north-eastern part of the Netherlands, the State Forestry Commission stopped fertilisation in the year of acquisition, while annual haymaking continued. The purpose of this kind of restoration succession is to restore the vegetation of pre-agricultural times, namely plant-species-rich grasslands on nutrient-poor soils. The effect of decreasing nutrient availability on the vegetation has been well documented [14] [15] [16] [17] . Many plant species, specific for nutrient-poor grasslands, have reestablished after about 30 years of such management. Investigations on whether nutrient availability affects the composition of the macro-invertebrate community are scarce (but see [3] [4] [5] [6] ). Some studies on carabid beetles [7, 8, 10, 12] and dipteran larvae [9] have been reported in fields under restoration succession.
In this paper, we test two hypotheses concerning the structure of the macro-invertebrate community in grasslands under restoration management:
(1) The plant community in nutrient-poor grasslands is able to support less macro-invertebrate individuals than grasslands richer in nutrients. ( 2) The community of soil-inhabiting and surfacedwelling macro-invertebrates is specific for a certain stage of vegetation succession/nutrient impoverishment.
Materials and methods

Research area
The research was carried out in the "Stroomdallandschap Drentsche A" in the north-eastern part of the Netherlands. All experimental plots were located in the valley of the brooklet Anlooër diepje (53°05" N, 6°40" E). In the parcels under study fertilisation was stopped since 1989, 1985, 1972 and 1967, respectively . Throughout this paper we will use the time since last fertiliser application as an identifier for all four plots. The majority of the vicinity of the brooklet consists of grassland, but the field acquired by the State Forestry Commission in 1985 is situated at the border of a parcel with deciduous forest.
Sampling programme
During 1996, from 11 March until 23 December, a sampling programme was performed in the four aforementioned grasslands under restoration management. For each grassland, a rectangle (30 m × 15 m) served as the sample plot. Each plot was divided into three parts (10 m × 15 m), on which one soil photoeklektor ( Fig. 1) was placed randomly. Every fortnight these little tents were moved to another randomly chosen spot within the same 10 m × 15 m part of the plot to avoid severe damage to the grass. The tents never revisited the same spot. In these tents, two pitfalls were placed filled with a 2% formaldehyde solution in which surface-dwelling insect species were captured ( Fig. 1) . At the top of the tent a light-fall also containing a 2% formaldehyde solution was placed to capture flying insects. The contents of the pitfalls and the light-fall were collected weekly. The soil that was dug out for installing the pitfalls was brought to the laboratory and hand-sorted to collect soil macro-invertebrates.
Additional data
Soil temperature was measured at a depth of 5-10 cm in the four fields. Due to malfunctioning of the temperature data loggers, the soil temperature is known for each field during different parts of the sampling period. Overlapping parts suggest that soil temperature was similar in the different fields (Fig. 2) . The temperature registered in the plot that was 29 years under restoration management showed a trend towards decreased amplitude: temperatures from June to August 1996 were lower than in the other three plots, while they were higher in December 1996. In addition, the measured soil temperatures were highly correlated (r 2 = 0.81, P << 0.001) with the air temperature, measured at a nearby weather station (Eelde airport). We used the mean Eelde air temperature in the week before sampling and the total weekly precipitation at Eelde in the analyses. After hand-sorting the wet weight of the soil samples was determined. The soil was dried for 20 h at 70°C and subsequently weighed in order to determine the moisture content. In addition, we coded each of the four grasslands as a zero/one variable: all samples from the field acquired in 1989 have a one in the variable called '7 yr', while for all samples from other fields this variable was zero. The environmental variables '11 yr', '24 yr' and '29 yr' were also defined as such indicator variables.
Identification procedure
All insect species were identified at least up to taxonomic order. For the Coleoptera and Diptera, identification of all specimens has been done to family level. In total, 73 taxonomic groups were distinguished in our data set. For some of these groups only a few observations have been made. Therefore, they were excluded from the analyses. Two families of Coleoptera have been identified up to species level, namely the weevils (Curculionidae) and the ground beetles (Carabidae).
Statistics
We used the program CANOCO for Windows version 4 [2] to summarise the data on species composition in the four plots during the full 9 months in an ordination diagram. Subsequently, the diagram was interpreted with the help of knowledge on sites and species (sampling day number, air temperature, precipitation and moisture, '7 yr', '11 yr', '24 yr' and '29 yr'). The data were analysed by means of canonical correspondence analysis [11] , using Hill's scaling and the option for downweighting of rare species. We did not select detrending. The significance of the first three axes was tested with a Monte-Carlo permutation test [2] .
Results
For the first hypothesis, we compared the number of individuals caught during the total sampling period for each of the four fields. From Table 1 it becomes clear that in most taxonomic groups (33/46) the lowest catches were observed in the field with the longest history of impoverishment (29 years). The field with the shortest history of restoration management, however, was not the one accommodating the most specimens; rather, abundance for most groups was maximised at 11 years. In 37 out of 46 groups, one of the two fields recently (7 and 11 years ago) acquired by the State Forestry Commission supported the highest numbers of representatives for the taxonomic groups.
For assessing the influence of nutrient availability on the structure of the community of macro-invertebrates, we analysed our data set at two levels. We first analysed the data on specimens identified to taxonomic order or family for the three different sampling methods separately. The two families of Coleoptera, identified to species level, were hence subjected to the same kind of analysis. For the purpose of this paper it is not necessary to mention the exact names of the weevil and ground beetle species. This will be the subject of a separate publication. Of the adult weevils, 27% of the species, but only 12% of the individuals, were stenotopic. Only 12% of the ground beetle species were stenotopic. Representatives of these species constituted only 0.5% of the total number of ground beetles in the samples. First, we performed a canonical correspondence analysis with eight environmental variables (day number, total precipitation in the previous week, mean air temperature in the previous week, moisture content of the soil in the last soil sample taken, '7 yr', '11 yr', '24 yr' and '29 yr'). Table 1 The grasslands under restoration succession as represented by the time lapsed since last fertilisation. The lowest number in each taxonomic group is denoted in italics and the highest in bold. Only taxa for which more than 10 individuals were found during the whole sampling period are given CANOCO calculated an almost perfect correlation (0.97) between total precipitation and mean air temperature. Consequently, precipitation was excluded from the subsequent analysis. The results of the CCA are shown for all five analyses in Table 2 and Figs. 3 and 4 . In all analyses, the total percentage of the variation that is explained was low (range 7.6-24.8%) and the first two axes explained a significant percentage of the variation (P < 0.01). For the Table 2 Results of the CCA on five data sets. Specimens were identified to taxonomic order or family in the data sets: light-falls, pitfalls and soil samples. Carabidae and Curculionidae were identified to species level. Total explained percentages of the variances are given. Only the significance of the third axis is explicitly stated, because in all CCAs the first two canonical axes explained a significant percentage of the variation (P < 0.01). light-falls, pitfalls and soil samples, the first two axes corresponded mainly to the three short-term factors day number, air temperature and moisture. Only in the soil samples was a contribution of the long-term factors '7 yr' and '29 yr' also present (Fig. 3b) . For one of the two coleopteran families an entirely different picture came forward (Fig. 4b) : within the weevil family the long-term factors explained a significant part of the variation. The pattern in the Carabidae was, just as with the total pitfalls and light-falls, largely explained by short-term abiotic factors (Figs. 3a and 4a ).
Discussion
Restoration management resulted, for most taxonomic groups, in lowest numbers of individuals caught in the plot with severely reduced soil nutrient availability. Highest numbers of individuals were, however, not necessarily found in the plot with the highest nutrient status. This plot and the plot impoverished over 11 years (acquired in 1985) had equal share in supporting the highest number of specimens in the taxonomic groups. This may be caused by an "edge effect" occurring in the plot acquired in 1985: this grassland is adjacent to deciduous woodland.
The patterns of orders and families as well as of the carabid species could be explained by short-term varying abiotic factors. In contrast, the pattern for the Curculionidae could be explained by the long-term successional stage. The polyphagous predators in the family Carabidae are considered largely independent of the vegetation succession, whereas the species composition of the specialist herbivores in the weevil family heavily depends on the vegetation that responds to nutrient availability. The explained percentage of variation in our analyses was small (always <25%). It seems that some aspects of the habitat that we did not include in the analyses might explain more of the variation. One of these is small-scale heterogeneity, which is known to be important for invertebrates along succession gradients on forest floors [13] .
The vegetation in the four grasslands in our study showed, after about 30 years, a restoration to the plantspecies-rich and nutrient-poor grasslands that were common in the area in the beginning of the 20th century [6, 14] . The soil macro-invertebrate community structure at family and order levels is, however, for a significant part explained by short-term abiotic factors. Only at a lower taxonomic level (i.e. species level) could the effect of long-term abiotic factors on community structure be detected. The weevils seem to be trend-followers, i.e. changes in vegetation due to a decrease in nutrient availability caused a change in the herbivore community. The polyphagous predatory ground beetles did not markedly respond in species composition, only in numbers, to changes in vegetation due to lower nutrient availability. Our analysis at different taxonomic levels shows a surplus value of identification to the species level: in data at the taxonomic level of order or family we were unable to uncover any influence of vegetation succession as found within the Curculionidae.
